Abstract: Hatchery sanitation is of the utmost importance in the poultry industry and may have drastic economic effects within a company. It has been shown that eggs with increased total aerobic bacterial counts may cause a decrease in hatchability, performance and growth, as well as a decrease in overall chick quality. Several methods have been utilized to decrease bacterial load on the exterior surface of the egg such as the use of: hydrogen peroxide, quaternary ammonium compounds, antibiotics and UV light exposure. Many disinfectants may effectively sanitize the egg; however, they have detrimental effects on the developing embryo due to the removal of the cuticle, allowing increased moisture loss from the egg. Benzalkonium chloride has been effectively used as a first aid antiseptic for humans. Bac-D, a novel disinfectant with benzalkonium chloride utilized as the active ingredient. Bac-D is a safe, potential substitute to harsh chemicals. In this trial, eggs were sprayed with the same volume of either Bac-D or water. Eggs were sampled at 3 different time points after spray (0, 1.5, or 3 h). At the culmination of each time point, a portion of the eggs was inoculated with an endogenous bacterial inoculum. Eggs were placed in a bag with 1% PBS and the rinsate was promptly plated on TSA (Tryptic Soy Agar). There were significant decreases (p<0.0001) in the log CFU/mL numbers at each time point (0, 1.5, 3 h). These results reveal the potential sanitizing effects of Bac-D on total aerobic bacterial counts on eggs.
INTRODUCTION
Hatchery sanitation is a crucial factor in today's poultry industry. Since poultry are produced in such large numbers, even very small deviations can have drastic economical impacts. Eggs with increased total aerobic bacterial counts can cause a decrease in hatchability, performance and growth, as well as a decrease in chick quality (Coufal et al., 2003) . Many different techniques have been explored to determine the correlation between reducing bacteria present on eggs and improving hatchability. Some of the methods used to reduce bacteria on the shell of the egg include: ethylene oxide (Lorenz et al., 1950) , hydrogen peroxide (Sheldon and Brake, 1990) , quaternary ammonium sanitizers (Brake and Sheldon, 1989) , antibiotics (Miller, 1956) , UV light exposure (Coufal et al., 2003) and heat treatment (Funk et al., 1954) . Many disinfectants may effectively sanitize eggs; however, they have detrimental effects on the developing embryo. This phenomenon occurs because sanitizers may remove the cuticle, a protective thin layer that seals the egg, which allows for an increase in loss of moisture from the egg, which directly affects the embryo (Peebles and Brake, 1985) . Currently, formaldehyde fumigation is the most commonly used intervention method for egg sanitation in the industry (Coufal et al., 2003) . The main disadvantages associated with the use of formaldehyde are its carcinogenic properties as well as its effect on decreasing hatchability (Fasenko et al., 2009) . As a result, there has been much effort aimed at finding alternative approaches to the use of formaldehyde (Brake and Sheldon, 1989) . Since rate of hatchability is a major consideration when searching for alternative hatching egg disinfectants, it may be considered as a valuable parameter to measure the efficacy of different disinfecting compounds. The use of UV light as a sanitation procedure compared to water resulted in no significant differences in hatchability when compared to untreated eggs (Coufal et al., 2003) . Broiler eggs fogged with ozonated water for 30 min caused significantly reduced hatchability rates, while eggs fogged with triple strength formaldehyde remained unaffected (Whistler and Sheldon, 1988) . Electrolyzed water treated eggs showed similar hatching rates between the treatment and control groups (Fasenko et al., 2009) . All approaches herein mentioned have shown mixed hatchability rates thereby eliciting the increasing need for a method, which has consistent and effective results. Benzalkonium chloride, a quaternary ammonium compound, generally recognized as safe, has been effectively used as a first aid antiseptic for humans through the years (Dyer et al., 1998; Gerald et al., 2011) .
The mode of action of benzalkonium chloride consists Fort Atkinson, WI) that contained 20 mL PBS (Fisher on the modification of cell membrane permeability causing the leakage of cell contents (Gradel et al., 2005; Fazlara and Ekhtelat, 2012) . Recently, researchers have studied the effects of different benzalkonium chloride compounds on hatching eggs (Aygun et al., 2012a,b) . This intervention practice is still much less frequently used in the US than formaldehyde fumigation. Bac-D is a novel disinfectant, which is currently being used as a wound wash for humans and animals and the active ingredient is benzalkonium chloride. Bac-D is a safe, potential substitute to harsh chemicals and it may be capable of decreasing bacteria and improving hatchability. Much investigation is needed in order to determine the specific biocidal effects of Bac-D on different bacteria, viruses and protozoa, so that a kill spectrum may be established. Therefore, the objectives of this trial were to determine the effects of Bac-D on total aerobic bacterial counts and to explore the claim that Bac-D has an effective killing time of over 3 h.
MATERIALS AND METHODS

Experimental design:
Broiler breeder eggs were obtained from the North Carolina State University poultry education unit (Raleigh, NC). The eggs were stored for 4 days in an egg cooler at 60 F and 70% relative humidity. The experiment was designed as a 3×2×2 factorial. There were 3 sampling time points (0, 1.5, 3 h), 2 spray treatments (Bac-D and water) and inoculum (inoculated vs. uninoculated). This design resulted in 12 treatments consisting of 50 eggs each for a total of 600 eggs. The 4 treatment groups for each time point were: Bac-D, inoculated; Bac-D, uninoculated; DI water, inoculated; and DI, uninoculated.
Inoculum:
Fresh inoculum was prepared on the day of sampling by placing 25 eggs from the same broiler breeder flock in a sterile container with 40 mL of PBS (Fisher Scientific, Waltham, MA). The eggs were shaken for 60 s and then removed and the inoculum was placed in a sterile 1 L bottle at room temperature until inoculation.
Sampling: Eggs were placed in a sterile plastic egg flat. Each flat was then sprayed with approximately 60 mL of either sterile DI water, or Bac-D. The eggs were incubated at room temperature for 0, 1.5, or 3 h. At the end of their corresponding time points, 50 eggs were inoculated with 40 µL of the endogenous inoculum (2.98 log CFU/mL), which was evenly spread over the surface of the egg with a sterile cotton swab. The inoculum was allowed to air dry for 10 minutes and then the egg was placed in a 710 mL Whirl-pak bag (Nasco, Scientific, Waltham, MA). The bags were manually shaken for 60 s, then the egg was removed, 40 µL of rinsate were plated on TSA (Becton Dickinson, Sparks, MD) and spread with disposable L-spreaders (Fisher Scientific, Waltham, MA). Plates were incubated at 35 C for 24 h. At the end of the incubation period, colonies were enumerated and recorded and log CFU/mL were calculated.
Conductance and hatchability:
A group of 50 eggs from each treatment were labeled and the eggs were weighed on day 0 prior to incubation and again on day 7 of incubation. These weights were used to calculate the relative moisture loss, as well as egg shell conductance. The average conditions for the 7 days were temperature of 99.5F, barometric pressure of 30.11 and relative humidity of 50%. The conductance was calculated using the equation of Paganelli et al. (1974) . Hatchability was calculated at hatch, the un-hatched eggs were broken out to determine if the eggs were infertile or time at which they had died.
Statistical analysis:
The experimental data were analyzed as a 3×2×2 design. The bacterial counts obtained as log CFU/mL based on the variables: sampling times (0, 1.5, 3 h), spray (Bac-D, water) and inoculum (inoculated vs. uninoculated) were analyzed by ANOVA (JMP 10, SAS, Cary, NC) using Tukey-Kramer comparison of means. Broiler breeder eggs were the experimental unit and an alpha of 0.05 was used to establish significance.
RESULTS
The effect of Bac-D as a disinfectant is evident when comparing the mean log CFU/mL of Bac-D washed eggs to eggs washed with DI water only. There was a significant decrease in total aerobic bacteria (p<0.0001). Bac-D washed eggs yielded a mean log CFU/mL of 2.08 and water washed eggs, a mean of 3.64 log CFU/mL. This was approximately a 1.5 log CFU/mL reduction in total aerobic bacterial counts (Fig. 1) . Inoculated eggs treated with Bac-D had significantly lower mean log CFU/mL counts at the p<0.0001 level for all 3 time points of the inoculated group when compared to the control. At the different sampling times (0, 1.5, 3 h) the bacterial counts were 1.96, 2.60, 1.37 log CFU/mL, respectively for Bac-D treated eggs. The total aerobic bacteria counts for control eggs at the same sampling times were 3.76, 3.66, 3.55 log CFU/mL (Table 1) . The same pattern was observed in uninoculated eggs. Bac-D treated eggs had significantly lower bacterial counts (p<0.0001) at 1.5 and 3 h (2.36, 2.14 log CFU/mL). Eggs washed with DI water had significantly higher (p<0.0001) bacterial counts when compared to Bac-D washed eggs: 1.5 h, 3.62; 3 h, 3.63 log CFU/mL (Table 2) . When samples from both treatments were pooled, Bac-D washed eggs had significantly lower total aerobic bacterial counts at all 3 sampling time points: 0, 1.5 and 3 h with an average of 1.96, 2.48 and 1.75 log CFU/mL. On the other hand, eggs washed with DI water at the same sampling points produced 3.78, 3.65 and 3.59 log CFU/mL, respectively (Table 3) . There were no significant differences in hatchability or hatch residue counts, however there was a significant determined that using benzalkonium chloride after a (p<0.0468) change in conductance of the eggs. The eggs that were washed with Bac-D had a slightly higher conductance rate than did the water washed eggs (Table 4) .
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DISCUSSION
Researchers have found benzalkonium chloride to be an effective disinfectant when used as a wound wash for animals and humans (Dyer et al., 1998) . This may be due to its biocidal properties on different organisms found in the environment (Houari and Martine, 2007) . Overall, when results for eggs both inoculated and uninoculated were pooled, averaged and compared only between treatments (Bac-D vs. water), there was approximately a 1.5 log CFU/mL reduction of total aerobic bacteria on the exterior of eggs when Bac-D was used. This reduction was lower than a study performed by Romanova et al. (2007) who demonstrated a reduction of approximately 4 log CFU/mL when benzalkonium chloride was applied for 30 minutes at a rate of 1 mg/mL on Listeria monocytogenes biofilms. This may be due to increased sensitivity of L. monocytogenes to benzalkonium chloride, as well as, the different composition of the disinfectant tested. Similar results were found by Velazquez and coworkers (2009) who showed significant reductions of Yersinia enterocolitica and Escherichia coli O157:H7 in tomatoes and lettuce treated with a solution containing 0.1 mg/mL of benzalkonium chloride. Aygun and Sert (2012) tested the efficacy of benzalkonium chloride on hatching eggs and determined that total aerobic mesophilic bacteria were significantly reduced compared to the control treatment (water) after 7 and 14 d of treatment. These results coincide with our findings; longer exposure to treatment yielded lower total aerobic bacteria counts. It may be worth noting that this investigation only compared 3 sampling time points (0, 1.5 and 3 h). Future work should focus on extended treatment times, which may result in greater total aerobic bacteria log CFU/mL reductions. Kuda et al. (2007) established that the presence of organic materials such as milk and beef and tuna gravy inhibited the efficacy of benzalkonium chloride on biofilms of E. coli, Pseudomonas aeruginosa and Staphylococcus aureus. This is in agreement with results found by Klimek and Bailey (1955) and may be the reason why our work did not yield higher log CFU/mL reductions in unwashed eggs. Kuda et al. (2007) wash resulted in non-detectable bacterial counts.
Therefore, a wash and disinfectant process should be Funk, E.M., J. Forward and M. Lorah, 1954 . Minimizing investigated in order to achieve lower bacterial loads in hatching eggs. Bac-D is an intervention method worth exploring by the egg industry since it does not have the carcinogenic concerns of formaldehyde and other inconveniences of fumigation (Adler et al., 1979) . Bac-D is a new product with disinfectant properties, which warrants more investigation. Future work must focus on testing different product concentrations, as well as, impact o n hatchability. Furthermore, the development of Bac-D as a disinfectant for other poultry-related uses, such as house cleanouts is paramount in order to mitigate the need for alternative sanitizing solutions.
